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Abstract 
The purpose of the study is to further the clinician's understanding in 
the impact of near point visual effort during the onset of cycloplegia on the 
accuracy of cycloplegic refractions. 
Twenty-one optometry students participated in the study: six were 
female and fifteen were male. Ten subjects had myopia with spherical 
equivalents greater than -3.00D. Two subjects had hyperopia with spherical 
equivalents greater than +1.00D. The remaining nine subjects refractive 
errors ranged from + l.OOD to -3.00D. Subjects were cyclopleged with one drop 
of Cyclopentolate HCl 1%. Each subject was tested under two randomized 
conditions: cycloplegic adaptation with near point effort, and cycloplegic 
adaptation without near point effort. At 30, 45 and 60 minutes from 
instillation of the drops, four measurements of refractive error and residual 
accommodation were obtained using the Canon R-1 autorefractor. 
Results were analyzed using the One Factor ANOVA-Repeated 
Measures statistical test. All significant effect was seen between the two 
conditions of cycloplegic onset. For the interaction between condition and 
time, cycloplegia without accommodative effort shows more myopia (-0.146D, 
p=O.OOOl) than with the near viewing condition. The low refractive error 
group showed a slight hyperopic shift (0.212 D, p= 0.0002) following 
accommodative effort versus the condition with no accommodative activity. 
Although seemingly paradoxical trends were found which were 
statistically significant, the magnitude of these trends may not be considered 
clinically significant. There may, however, be individual patients who are 
more susceptible to these effects. It is therefore recommended that patients 
cycloplege without intense accommodative effort during onset as this will 
provide consistent results without careful monitoring of the patient. Other 
considerations are also discussed. 
Introduction 
Cycloplegia is the temporary paralysis of the ciliary muscle usually 
achieved by instillation of parasympatholytic drops in the eye. The purpose 
of a cycloplegic examination is to inhibit the patient's accommodation to 
eliminate potentially confounding fluctuations in order to better diagnose 
and prescribe effective treatment in particular cases. 
It would be ideal for a cycloplegic agent to inhibit the accommodative 
system completely for a cycloplegic refraction. According to Mutti et al.l the 
role of cycloplegia may be to inhibit accommodation rather than to paralyze it, 
thereby allowing efforts to relax accommodation during refraction become 
effective. In addition he states that the determination of the precise level of 
inhibition required for repeatable, valid refractive error measures for various 
levels of hyperopia, age, and strabismus will require further study. 
Cyclopentolate is probably the most common cycloplegic agent used in 
the examination of children today.l Approximately 30-60 minutes is needed 
to reach maximum cycloplegia using Cyclopentolate HCl 1%. It has been 
speculated by many clinicians that how the patient uses vision during this 
onset time may have an effect on the cycloplegic refraction. If the patient is 
performing a near point task (such as reading at a close distance) after 
instillation of the cycloplegic agent, the speculation is that the ciliary muscle 
may "parese" in a slightly non-relaxed position yielding erroneous (more 
myopic, less hyperopic) findings. 
It has been speculated that near reading activity may disrupt the drug's 
ability to maximally inhibit accommodation, or may "lock" accommodation 
in a non-relaxed state. Hysteresis of accommodation is the term used to 
describe the incomplete relaxation of accommodation after a period of 
exertion.2 While little information exists regarding refractive error 
1 
susceptibility to accommodative hysteresis,3 Rosenfield et al.4 found a small 
but significant transient myopic shift in the far point of accommodation in 
young adults who had performed a near task for 20 minutes. The question is: 
will these shifts be found with the use of cyclopentolate or will the drug 
completely inhibit the accommodative response and hysteresis effects? 
In order to assure accuracy of the cycloplegic examination optometrists 
need to know whether near point activities while waiting for onset of 
cycloplegia may impact the final refraction, even if the potential impact 
concerns only a few susceptible patients. The purpose of this study is to 
further the clinician's understanding of the effects of near point visual effort 
during the onset of cycloplegia on the accuracy of cycloplegic examinations. 
Methods 
Subjects 
The test subjects were 21 optometry students ages 21.5 to 29.5 years, 
with a mean age of 24.4 years. Six were female and 15 were male. An 
informed consent form was signed by the subjects before testing began 
(Appendix A). The inclusion criteria consisted of: habitual near and distance 
VA's of at least 20/20 OD and OS, binocular Donder's accommodative 
amplitude of greater than or equal to five diopters, NPC of less than or equal 
to four inches, and a negative history for any contraindications to 
cyclopentolate (systemic or ocular). Subjects were excluded from the study if 
any of the following were identified: pregnancy, lOP greater than 20 mm Hg, 
history of angle closure glaucoma, narrow anterior chamber angle, any 
known allergy or other previous reaction to cyclopentolate. Other excluding 
conditions included histories of visual function problems such as amblyopia, 
strabismus, presbyopia and accommodative or binocular dysfunction. Ten 
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subjects had myopia with spherical equivalents greater than -3.00D (mean = 
-4.95D). Two subjects had hyperopia with spherical equivalent greater than 
+l.OOD (mean= +1.92D). The remaining nine subjects refractive errors 
ranged from +1.00 to -3.00D (mean= -1.49D). 
Instrumentation 
An American Optical Non-Contact Tonometer was used to measure 
each subject's lOP during pretesting. Residual accommodation was measured 
in phoropter at 40 em with letters equivalent to 20/20 Snellen. The Canon 
R-1 autorefractor was used to objectively measure the subjects refractive error. 
The Canon Autoref R-1 is an objective autorefractor with technical 
specifications similar to other infrared autorefractors with some unique 
exceptions, including an open binocular view of a distant target, thus 
eliminating instrument myopia.s The Canon Autoref R-1 was chosen for this 
study as it was found to be unaffected by large pupil size and provides the best 
repeatability across occasions (95% limits of agreement: +I- 0.32 D) . 6 McBrien 
and Millodot found that the validity of the R-1 stands up welt being slightly 
more accurate for spherical components, and slightly less for cylinder 
components. 
Pre-cycloplegic Measures 
Before administration of Cyclopentolate HCl 1%, distance and near 
habitual VA's, Dander's amplitude, near point of convergence, anterior 
chamber angle, and intraocular pressures were measured. Each 
measurement was performed by the same investigator throughout the course 
of the study. 
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Drop Instillation 
After completion of pre-cycloplegic measurements, one drop of 
Cyclopentolate HCl 1% was instilled into each eye. Punctal occlusion was 
monitored for one minute while the subjects kept their eyes closed. 
Cycloplegic Measures 
Each subject was tested under two conditions for a within-subjects 
design. The order of the two conditions was randomized and a waiting 
period of at leasnhree full days was required before the alternate condition 
was tested. During each condition's pretesting, th,e subjects were instructed 
on the procedure to follow after the drops were instilled. Signs and 
symptoms of increased intraocular pressures were reviewed with the subjects 
and emergency numbers were provided before they left the testing facility. 
Condition 1: 
The subjects, following the instillation of cyclopentolate, watched a 
video (Seinfeld "The Soup Nazi Episode" and Elway's Greatest Comebacks) at 
20 feet. Hyperopes were given plus lenses to ensure the video was clear 
throughout the onset of cycloplegia. At 30, 45, and 60 minutes from 
instillation of the drops, four measurements of refractive error were obtained 
using the Canon R-1 autorefractor while the subjects were instructed to look 
at a target 60 feet away. A separate timer was monitored for each subject and 
the subjects were observed to ensure compliance throughout testing. 
Immediately following, residual accommodative amplitude was calculated 
monocularly based on testing in the phoropter with a 20/20 Snellen 
equivalent target at 40 ern. The subject's range of accommodation was 
defined by the difference in the blur recoveries of positive and negative 
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accommodation. Subjects with significant astigmatism (greater than or equal 
to 0.75D) identified by the autorefractor had compensating cylinder placed in 
the phoropter during residual accommodation measurements. The cylinder 
axis and amount was also determined by the average of the four 
measurements taken by the Canon R-1 autorefractor. This procedure was 
repeated at each time interval. 
Condition 2: 
The subjects were monitored while they read magazine print (articles 
from Sports Illustrated and People). The reading material was copied at 
several magnifications to enable the subject to continue reading as the 
cycloplegic agent took effect. In order to induce maximal accommodative 
effort throughout the onset of cycloplegia, the subjects read through minus 
lenses of various powers. Minus was decreased as necessary to allow them to 
read the print as accommodation reduced, followed by introducing a larger 
print size as necessary. To maximize accommodative stress the subjects were 
encouraged to hold the reading material at the shortest working distance 
where they were able to see clearly. Myopes wore their habitual spectacles 
until they were unable to read the print. Low myopes and hyperopes were 
monitored to ensure they were working at a challenging distance and print 
size. Low amounts of plus lenses were given if necessary to allow them to 
continue reading for the full 60 minutes. Refractive error and residual 
accommodation were measured at the same time intervals and in the same 
manner as explained in condition one. 
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Data 
Data collected from the Canon R-1 autorefractor and the residual 
accommodation were compiled in a spreadsheet along with calculated 
equivalent spheres and averages (Appendix B). In addition, changes in data 
between time intervals were calculated. The subjects were also divided into 
three groups based on refractive error: myopes (equal to or greater than -3.00 
D), low refractive error (less than -3.00 D to+ l.OOD), and hyperopes (greater 
than or equal to + l.OOD). Results were analyzed using the One Factor 
ANOVA-Repeated Measures statistical test. 
Results 
After evaluation of individual subject data, the results of subject 
number 18 were irregular compared with the other subjects. During 
condition 2, adaptation with accommodative effort, subject 18 displayed 
anisocycloplegia. This subject's right eye was 0.50 D more myopic and 
manifest a lower residual accommodation than the left eye which showed a 
0.37 D hyperopic shift. Drug administration or absorption likely account for 
the differences. Regardless, subject 18 was not used in the statistical analysis. 
All Subjects Analysis 
Initial analysis of the paired ANOVA tests indicated that there was no 
significant difference between the right and left eyes within subjects or group 
analysis for refractive error and residual accommodation. The only 
components of analysis revealing variation in results were the two 
conditions and three time intervals. 
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Table One: Refraction 
One Factor ANOV A 30 Minutes 45 Minutes 60 Minutes Analysis 
Variable Units Condition Mean Std Mean Std Mean Std Interaction Condition Eff. 
Dev Dev Dev Time 
Diopters Stress -2.671 2.515 -2.643 2.548 -2.659 2.542 F=6.291 F=18.615 F=1.32 
Equivalent (5,195) (1,119) (2,158) 
Sphere No Stress -2.739 2.54 -2.789 2.565 -2.721 2.55 p=0.0001 p=O.OOOl p=0.27 
' 
Table Two: Residual Accommodation 
One Factor ANOV A 30 Minutes 45 Minutes 60 Minutes Analysis 
Variable Units Condition Mean Std Mean Std Mean Std Interaction Condition Eff. 
Dev Dev Dev Time 
Stress 1.494 0.414 1.431 0.362 1.581 0.436 F-8.545 F-19.649 F=3.972 
Residual Net (5,195) (1,119) (2,158) 
Accom Diopters No Stress 1.438 0.387 1.319 0.375 1.288 0.365 p=O.OOOl p=O.OOOl p=0.0208 
Table Three: Refraction of Ametropia Subgroups 
One Factor ANOV A Myope Group Hyperope Group Low Refractive Group 
Error 
Condition Units Mean Std Analysis Mean Std Analysis Mean Std Dev Analysis 
Dev Dev 
Stress Diopters -4.903 1.28 F-2.951 1.852 0.868 F-0.219 -1.382 1.132 F=22.061 
(1,17) (1,3) (1,17) 
No Stress -5.028 1.309 p=0.104 1.91 0.854 p=0.672 -1.594 1.111 p=0.0002 
Table Four: Residual Accommodation of Ametropia Subgroups 
One Factor ANOV A Myope Group Hyperope Group Low Refractive 
Error 
Group 
Condition Units Mean Std Analysis Mean 
Dev 
Std Analysis 
Dev 
Mean Std Dev Analysis 
Stress 1.472 0.373 F-0.147 1.125 0.144 F-0.458 1.458 0.366 F=8.327 
Net (1,17) (1,3) (1,17) 
No Stress Diopters 1.444 0.316 p=0.7066 1.312 0.515 p=0.5472 1.194 0.379 p=0.0103 
*Only 45 minute measurements are used for analysis in tables three and four. 
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Residual accommodation at forty-five minutes was the point of best 
cycloplegia as indicated by the smallest mean (Table/Graph Two). Therefore, 
when comparisons at maximal cycloplegia were desired, the forty-five minute 
measurements were chosen. 
Graph One: Refraction 
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Refractive error showed no significant difference between the right or 
left eyes at any time interval. All the significant effect was seen between the 
two conditions of cycloplegic onset. For the interaction between condition 
and time, condition one (without accommodative effort) showed more 
myopia than the near viewing condition (Graph One). The most myopic 
data set was at the forty-five minute interval of condition one, linking well to 
the point of maximal cycloplegia. 
8 
The significance between the two conditions indicated a slight more myopic 
refraction when the subjects viewed distance targets during cycloplegic onset. 
Graph Two: 
Residual Accommodation 
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Refractive error shifts (Graph Three) and residual accommodation 
analysis (Graph Four) of the ametropia subgroups revealed no statistical 
significance between the hyperopic and myopic groups; this may be due to the 
small sample size of the hyperopic group. 
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Graph Three: Ametropia 45 min 
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The low refractive error group showed a slight hyperopic shift (0.212 D, 
p=0.0002) with condition two (accommodative effort with onset) versus 
condition one (no accommodative effort with onset). 
Discussion 
The goal of this study was to determine whether near point stress 
during the onset of cycloplegia impacts the wet refraction determined by the 
clinician; even if such an effect is seen only in a few susceptible subjects. 
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Graph 4: Residual Accommodation 45 min 
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Although seemingly paradoxical trends were found which were statistically 
significant, the magnitude of these trends may not be considered significant 
clinically. Notably, however, the low refractive error group showed this 
trend of variable responses more significantly during the different visual 
conditions. 
Overall group findings were contradictory to what initially was 
speculated at the formulation of the study. Forty-five minutes into 
cycloplegia while exerting near point effort (condition two) the mean of the 
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entire group showed a 0.146 D hyperopic shift (Table One). The clinical theory 
that near visual stress may produce a non-relaxed accommodative state 
leading to a more myopic wet refraction (hysteresis state) is not the general 
trend. ·Similarly, Rushforth et aL7 studied the effect of illumination on the 
onset of mydriasis and found that relative pupil area is significantly greater 
(p<0.05) following dilation under normal illumination. This finding was 
also contrary to the original prediction that placing the patient in a dark 
environment would result in a faster and greater dilation than dilating in a 
well-lit room. Perhaps similar mechanisms are involved in these two 
studies. 
As these findings are paradoxical to expected results based upon 
hysteresis, interesting questions arise when considering possible explanations 
to the discrepant results. Neuropharmacology seems a logical place to begin. 
One explanation may begin that with the near visual activity, the 
parasympathetic system is trying to compete with the parasympatholytic 
pharmaceutical agent. Due to the exertion of the accommodative system 
during near visual stress there may be a parasympathetic "burn out" allowing 
more complete exposure of sympathetic innervation. Since the age of our 
subject population started at 21.5 years old, one could only speculate what 
may happen with the more robust accommodative systems of youngsters. 
Gilmartin et al. gave an explanation that helps to dispute the clinical 
theory and paradoxical formulations when they write that the 
accommodative system receives mutually-antagonistic, dual innervation 
from the autonomic nervous system--composed primarily of a 
parasympathetic and a secondary sympathetic componentS Ciuffreda and 
Ong summarized that "the role of sympathetic innervation in response to 
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our daily accommodative level is probably minimal. However, it has been 
suggested that sympathetic action may be more relevant to sustained near 
tasks, perhaps being involved in attenuating the retention of near-induced, 
post-task distance pseudomyopic changes, thereby reducing the magnitude 
and duration of any accommodative adaptation aftereffects.9" Extrapolating 
these ideas to the present cycloplegic study, with a parasympatholytic agent 
limiting the parasympathetic system, it seems reasonable that the secondary 
sympathetic component of accommodation would be called upon to exert its 
full homeostatic effect following accommodative effort with cycloplegic onset 
which would result in a hyperopic shift. 
Myopes as a group held onto residual accommodation during all 
conditions better than both the hyperopic and the low refractive error groups . 
Priestly and Medine found that the residual accommodation ranges with 
cyclopentolate 1% fell between 1.00 D and 1.75 D, with an average of 1.25 D.lO 
Our myopic subjects were well above this average with both conditions (Table 
Four). Additionally and ironically, even with increased residual 
accommodation with the near effort condition, statistically more 
hyperopia/less myopia relative to the initial refraction is found in this group. 
Results show that the low refractive error group has a larger "rebound 
effect," (the difference in wet refractions between the two conditions) than the 
other groups. From a developmental perspective, these eyes have exhibited 
more accurate emmetropization than the high refractive error groups, 
perhaps due to the ability to "rebound" from strained visual conditions more 
easily. Whether nature or nurture, low refractive error subjects prove that 
they are better at counteracting the hysteresis of accommodative effort and, 
based on their present refractive error, do not succumb to negative structural 
or physiologic adaptations as readily as the greater ametropias . 
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Analyzing the individual results, at forty-five minutes eight eyes 
showed a hyperopic shift greater than 0.25 D and four eyes a shift at or above 
0.50 D following near point effort with cycloplegia. While only one eye was 
more myopic at forty-five minutes under the visual stress condition, at sixty 
minutes four eyes showed a myopic shift greater than 0.25 diopters. Subject 
ten was most susceptible to myopia at all time intervals for the visual stress 
condition. The most myopic shift for this subject occurred at the sixty minute 
interval. 
In conclusion, excessive near point effort while waiting for the onset of 
cycloplegia will make a statistically significant effect on the wet refraction 
towards more hyperopia. While this statistical difference of approximately 
one-eighth of a diopter is not typically considered clinically relevant, a few 
subjects measured differences that may be considered clinically significant 
(~ 0.25 diopters). 
The final recommendation is that, for consistency, it is advisable to not 
allow cyclopleging patients to encounter significant near effort as differences 
in wet refractive error may occur which are slightly unpredictable. Another 
perspective may be that if variances from predicted cycloplegic refraction's 
arise, the activity engaged during the onset of cycloplegia may be a significant 
variable for that particular patient. This also brings to light the long-
understood point that there is no "perfect" cycloplegic agent, therefore 
differences in wet refraction's can be expected. This study identifies one of the 
possible variables resulting in varied wet refraction results. 
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Appendix A 
INFORMED CONSENT FORM 
Institution 
A. Title of Project: 
B. Principal Investigators: 
C. Advisor: 
D. Location: 
E. Date: 
I. Description of Project 
The Effects of Near Point Stress on 
Cycloplegic Examinations 
Lynda Rasmussen (503) 357-0518 
Michelle Wika Chaney (503) 357-1384 
Scott C. Cooper, O.D., (503) 359-2771 
Pacific University college of Optometry, 
Forest Grove, Oregon 
October 23, 1996 
Cycloplegia is the temporary inhibition of the ciliary muscle usually 
achieved by instillation of drops in the eye. The pharmaceutical agent used 
induces mydriasis (large pupils) and relaxes the ciliary muscle of the eye. The 
purpose of a cycloplegic examination is to relax the patient's accommodation to 
aid in the accurate diagnosis and effective treatment in many cases. 
While waiting for the cycloplegic agent to take effect, patients frequently 
read a magazine in the waiting room. It is essential for the drug to inhibit the 
accommodative system completely to obtain accurate measurements. It has 
been speculated that the near reading activity may disrupt the drug's ability to 
maximally inhibit accommodation, or may "lock" accommodation in a non-
relaxed state. In order to assure accuracy of the cycloplegic examination 
optometrists need to know whether these activities may impact the final 
refraction, even if the potential impact concerns only a few patients. 
The project will involve the instillation of Cyclopentolate HCI one percent. 
After instillation the subjects will be monitored will they read magazine print or 
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watch a video. Measurements of the subjects' refractive error will be measured 
at 30, 45, and 60 minutes. 
II. Description of Risks 
The general course after administration of the eye drops involves pupil 
enlargement within approximately 20 minutes. At this time it will also become 
increasingly difficult for the subject to read. Depending on the individual it will 
take from 30-60 minutes to reach maximum cycloplegia. 
The only reasonable risks to this common clinical procedure would be 
potential reactions to the drugs administered. The most serious potential side 
effect is the remote possibility of angle closure glaucoma and allergic reaction 
in subjects with a hypersensitivity to the drug. Angle closure is only considered 
a risk in susceptible individuals with narrow or partially closed angles. Due to 
the dilation (large pupils) caused by the cycloplegic agent, participants must be 
cautious when driving an automobile because of slightly blurred vision and 
possible increased light sensitivity. These effects generally last 24 hours. 
Ill. Description of Benefits 
The knowledge gained from this project will further the clinicians 
understanding of the effects of near point visual stress on the accuracy of 
cycloplegic examinations. This is one of the first studies to explore this area 
and any data provided will be extremely useful. 
IV. Alternatives Advantageous to Subjects 
Not applicable. 
V. Confidentiality 
Records of the project will be maintained in a confidential manner and 
you will never be identified in any report or publication without permission. 
VI. Compensation and Medical Care 
If you are injured in this experiment and it is not the fault of Pacific 
University, the experimenters, or any organization associated with the 
experiment, you should not expect to receive compensation or medical care 
from Pacific University, the experimenters, or any organization associated with 
the experiment. 
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VII. Offer to Answer Any Inquiries 
The experimenters will be happy to answer any questions you may have 
at any time during the course of the study. If you are not satisfied with the 
answers you receive please call Dr. James Peterson at 357-0442. During your 
participation in this project you are not a Pacific University patient or client for 
purposes of the research and all questions should be directed to the 
researchers and/or the faculty advisor who will be solely responsible for any 
treatment (except in an emergency). You will not be receiving complete eye, 
vision or health care as a result of your participation in this project; therefore, 
you need to maintain you regular program of eye, vision and health care. 
VIII. Freedom to Withdraw 
You are free to withdraw your consent and discontinue participation in 
this project or activity at any time without prejudice to you. 
I have read and understood the above. I am 18 years of age or 
older, or this form is signed by me and my parent or guardian. 
Printed Subject Name 
Subject Signature 
Printed Name of Parent/Guardian if Subject is Under 18 Yeas of Age 
Signature of Parent/Guardian if Subject is Under 18 Years of Age 
Address 
City, State, ZIP 
Phone Date 
Name and address of a person not living with you who will always know your 
address: 
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AppendixB 
30 MINUTES No Stress No Stress No Stress Stress Stress Stress No Stress Stress No Stress Stress 
Ave. Ave. Ave. Ave . Ave. Ave. Equiv Equiv Resid Resid 
Sphere Cyl Axis Sphere Cyl Axis Sph Sph A cern A cern 
Subject#l 00 -4.06 -0.75 142 -3.72 -0.65 141 -4.43 -4.04 1.50 1.00 
OS -4.25 -0.56 17 -4.09 -0.59 27 -4.53 -4.39 2.00 1.50 
Subject#2 00 -4.31 -0.97 160 -4.03 -1.12 133 -4.79 -4.59 1.75 1.75 
OS -3.09 -1.56 167 -2.94 -1.84 175 -3.87 -3.86 2.00 2.25 
Subject#3 00 -1.97 -0.34 171 -1.87 -0.50 141 -2.14 -2.12 1.50 1.75 
OS -2.37 -0.31 178 -2.40 -0.13 171 -2.53 -2.47 1.75 1.75 
Subject#4 00 -3.62 -0.84 165 -3.28 -1.44 146 -4.04 -4.00 1.25 1.25 
OS -4.31 -0.56 170 -4.25 -0.53 151 -4.59 -4.52 1.50 1.50 
Subject#5 00 -4.34 -0.40 103 -4.06 -0.37 171 -4.54 -4.25 1.50 2.00 
OS -4.22 -0.44 125 -4.15 0.00 0 -4.43 -4.15 1.75 2.00 
Subject#6 00 -2.00 -0.31 122 -1 .72 -0.50 114 -2.15 -1.96 1.25 1.50 
OS -2.28 -0.47 148 -1.81 -0.53 140 -2.51 -2.08 1.25 1.25 
Subject#7 00 -1.00 -0.25 126 -0.93 -0.41 95 -1.12 -1.14 2.25 2.25 
OS -0.69 -0.47 125 -0.75 -0.13 121 -0.92 -0.81 1.75 1.50 
Subject#8 00 -1.19 -1.66 96 -0.56 -2.16 91 -2.01 -1.64 1.00 1.00 
OS -1.16 -1.06 96 -0.94 -1.31 87 -1.69 -1.59 1.00 1.75 
Subject#9 00 -3.31 -0.31 141 -3.16 -0.56 160 -3.47 -3.44 1.25 1.25 
OS -2.87 -0.72 36 -3.03 -0.59 14 -3.23 -3.33 1.75 1.50 
Subject #10 00 -4.53 -0.50 102 -4.81 -0.91 120 -4.78 -5.27 1.00 1.00 
OS -3 .94 -0.53 75 -4.31 -0.16 77 -4 .20 -4.39 1.50 1.00 
Subject #11 00 1.87 -0.37 161 2.06 -1.18 167 1.68 1.47 1.50 1.50 
OS 1.53 -0.34 152 1.69 -0.59 164 1.36 1.39 2.00 1.50 
Subject #12 00 -5.00 -0.75 151 -5 .28 -0.62 169 -5.37 -5.59 1.25 1.25 
OS -5 .28 -0.47 163 -5.44 -0.28 174 -5.51 -5.58 1.50 1.50 
Subject #13 00 -5.40 -0.72 179 -5.62 -0.75 174 -5.76 -5.99 0.75 1.50 
OS -6.12 -0.69 4 -6.25 -0.31 181 -6.46 -6.40 1.25 1.50 
Subject #14 00 0.19 -0.56 111 0.31 -0.59 107 -0.10 0.02 1.00 1.00 
OS 0.12 -0.62 99 0.47 -0.75 92 -0.19 0.09 1.25 1.00 
Subject #15 00 0.25 -0.44 161 0.37 -0.25 173 0.03 0.25 1.50 2.00 
OS 0.56 -0.62 102 0.25 -0.16 99 0.25 0.17 1.75 2.25 
Subject #16 00 -2.37 -0.31 66 -2.19 -0.50 25 -2 .53 -2.44 1.00 1.00 
OS -2.87 -0.31 154 -2.62 -0.44 149 -3 .03 -2.83 0.75 1.00 
Subject #17 00 1.69 -0.56 148 1.75 -0.43 165 1.41 1.53 1.00 1.25 
OS 3.56 -0.62 152 3.25 -0.47 136 3.25 3.02 0.75 1.00 
Subject #18 00 -3.22 -0.09 2 -3.56 -0.75 14 -3.26 -3.94 1.50 1.00 
OS -2.22 -0.81 170 -1.84 -0.28 51 -2.62 -1.98 1.75 1.75 
Subject #19 00 -2.75 -0.25 121 -2.53 -0.37 119 -2.87 -2.72 1.25 1.00 
OS -3.03 -0.22 77 -3.12 -0.13 87 -3.14 -3.19 1.25 1.25 
Subject #20 00 -0 .31 -1.06 12 -0.41 -1.06 17 -0 .84 -0 .93 1.50 1.50 
OS 0.12 -1.31 145 0.06 -1.22 156 -0.53 -0.55 1.75 1.50 
Subject #21 00 -7.28 -0.50 175 -7.06 -0.47 20 -7.53 -7.29 2.00 2.25 
OS -7.44 -0.53 159 -7.03 -0.37 8 -7 .70 -7.22 2.00 2.25 
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45MINUTES No Stress No Stress No Stress Stress Stress Stress No Stress Stress No Stress Stress 
Ave. Ave. Ave. Ave . Ave. Ave. Equiv Equiv Resid Resid 
Sphere Cyl Axis Sphere Cyl Axis Sph Sph A cern A can 
Subject#l 00 -4.03 -0.75 149 -3.72 -0.72 141 -4.40 -4.08 1.00 1.25 
OS -4 .31 -0.59 33 -3.94 -0.65 22 -4.61 -4.26 1.50 1.50 
Subject#2 00 -4.44 -0.62 139 -4.31 -1.19 165 -4.75 -4.90 1.50 2.00 
OS -3.19 -1.81 165 -2.75 -0.87 130 -4.09 -3.18 1.75 2.00 
Subject#3 00 -1.97 -0.44 151 -1.87 -0.34 130 -2.19 -2.04 1.50 1.50 
OS -2.34 -0.09 53 -2.34 -0.16 84 -2.39 -2.42 1.25 1.75 
Subject#4 00 -3 .31 -1.12 144 -3.22 -1.44 141 -3.87 -3.94 1.25 1.25 
OS -4.31 -0.53 168 -4.31 -0.50 158 -4.58 -4.56 1.50 1.25 
Subject#5 00 -4.56 -0.06 23 -4.16 -0.41 138 -4.54 -4.36 1.50 1.50 
OS -4.06 -0.47 141 -4.12 -0.06 146 -4.43 -4.15 1.75 2.00 
Subject#6 00 -1.78 -0.72 169 -1 .72 -0.41 127 -2 .14 -1.92 1.00 1.25 
OS -2.28 -0.69 166 -1.65 -0.72 101 -2.62 -2.01 1.50 1.50 
Subject#7 00 -0.87 -0.50 123 -0.72 -0.50 87 -1.12 -0.97 1.00 2.25 
OS -0.81 -0.53 146 -0.69 -0.16 168 -1.08 -0.76 1.75 1.75 
Subject#8 00 -1.22 -2.03 100 -0.69 -1.78 89 -2.23 -1.57 0.75 1.50 
OS -0.66 -2.00 91 -0.90 -1.25 85 -1.65 -1.53 1.50 1.25 
Subject#9 00 -3.31 -0.47 156 -3.34 -0.47 160 -3.54 -3.57 1.25 1.00 
OS -3.00 -0.62 34 -3.06 -0.41 18 -3.31 -3.27 1.75 1.00 
Subject #10 00 -4.65 -0.25 97 -4.88 -0.63 125 -4.78 -5.19 1.00 1.00 
OS -4.12 -0.34 43 -4 .28 -0 .34 60 -4.29 -4.45 1.25 1.00 
Subject #11 00 2.03 -0.68 138 1.91 -0.69 158 1.69 1.56 1.75 1.00 
OS 1.50 -0.37 135 1.84 -0.53 172 1.31 1.58 1.75 1.25 
Subject #12 00 -5.12 -0.90 170 -5.22 -0.91 174 -5 .57 -5.67 1.50 1.50 
OS -5.25 -0.59 171 -5 .34 -0.47 170 -5.55 -5.57 1.50 1.75 
Subject #13 00 -5.53 -0.78 184 -5 .62 -0.25 18 -5.92 -5.75 0.75 1.25 
OS -6.28 -0.69 177 -6.31 -0.25 91 -6.62 -6.44 1.50 1.50 
Subject #14 00 0.06 -0.44 103 0.37 -0.72 106 -0.16 0.01 1.00 1.00 
OS 0.19 -0.59 98 0.53 -0.90 92 -0.11 0.08 0.75 1.25 
Subject #15 00 0.25 -0.44 161 0.31 0.00 0 -0.03 0.31 0.75 1.50 
OS 0.56 -0.62 102 0.47 -0.40 96 -0 .03 0.27 1.50 2.00 
Subject #16 00 -2.47 -0.25 64 -2.25 -0.40 31 -2 .59 -2.45 0.75 1.00 
OS -2.69 -0.31 102 -2.72 -0.25 139 -2.84 -2.84 0.75 0.75 
Subject #17 00 1.84 -0.75 131 lAO -0.50 150 1.47 1.15 0.75 1.25 
OS 3.53 -0.72 148 3.34 -0.44 145 3.17 3.12 1.00 1.00 
Subject #18 00 -2.59 -0.62 58 -3.47 -0.68 23 -2.90 -3.81 1.00 1.00 
OS -2.19 -0.56 161 -1.93 -0.22 70 -2.47 -2.04 1.75 1.25 
Subject #19 00 -2.75 -0.22 94 -2.63 -0.28 113 -2.86 -2.76 1.00 1.25 
OS -3.19 -0.13 106 -2 .84 -0.50 94 -3.25 -3.09 1.25 1.50 
Subject #20 00 -0.56 -0.75 180 -0.03 -1.25 15 -0.93 -0.65 1.75 1.75 
OS 0.03 -1.00 156 -0.09 -0.90 154 -0.47 -0.54 1.75 1.50 
Subject #21 00 -7.28 -0.56 177 -7.31 -0.34 176 -7.56 -7.48 2.00 1.75 
OS -7.78 -0.62 168 -7.15 -0.56 175 -8.09 -7.43 1.75 2.00 
20 
60 MINUTES No Stress No Stress No Stress Stress Stress Stress No Stress Stress No Stress Stress 
Ave. Ave. Ave. Ave. Ave. Ave. Equiv Equiv Resid Resid 
Sphere Cyl Axis Sphere Cyl Axis Sph Sph Aeon Aeon 
Subject#l OD -4.00 -0.69 143 -3.62 -0.72 144 -4.34 -3.98 1.00 1.00 
OS -4.22 -0.63 23 -4.06 -0.59 26 -4.53 -4.36 1.25 1.50 
Subject#2 OD -4.31 -0.69 109 -4.06 -0.78 115 -4.65 -4.45 1.50 2.00 
OS -3.09 -1.28 163 -3.00 -1.75 170 -3.73 c3.87 1.50 3.00 
Subject#3 OD -1.91 -0.37 163 -1.84 -0.40 144 -2.09 -2.04 1.25 2.00 
OS -2.28 -0.19 51 -2.44 0.00 0 -2.37 -2.44 1.00 1.75 
Subject#4 OD -3.40 -1.09 146 -3.12 -1.56 146 -3.95 -3.90 1.50 1.50 
OS -4.28 -0.62 170 -4.25 -0.56 158 -4 .59 -4.53 1.25 1.50 
Subject#5 OD -4.50 -0.16 160 -4.16 -0.31 131 -4.58 -4.31 1.75 2.25 
OS -4.19 -0.34 153 -4.22 -0.06 123 -4.36 -4.25 1.75 2.25 
Subject#6 OD -2.00 -0.50 158 -1.56 -1.16 -172 -2.25 -2.14 1.25 1.50 
OS -2.34 -0.37 120 -1.97 -0.50 168 -2.53 -2.22 1.00 1.50 
Subject#? OD -1.00 -0.56 127 -0.97 -0.34 86 -1.28 -1.14 1.75 2.25 
OS -0.59 -0.53 125 -0.66 -0.25 126 -0.86 -0.78 1.50 1.75 
Subject#8 OD -1.53 -1.34 96 -0.72 -1.81 91 -2.20 -1.62 1.50 1.25 
OS -0.94 -1.34 94 -0.65 -1.81 86 -1.61 -1.56 1.50 1.25 
Subject#9 OD -3.25 -0.50 165 -3.37 -0.53 154 -3.50 -3.64 1.50 1.25 
OS -2.90 -0.65 29 -3.12 -0.65 23 -3.23 -3.45 1.50 1.50 
Subject #10 OD -4.65 -0.19 98 -4.94 -0.56 116 -4.75 -5.22 1.00 1.25 
OS -4.06 -0.40 57 -4.37 -0.28 46 -4.26 -4.51 1.25 1.25 
Subject #11 OD 1.97 -0.65 139 2.06 -0.90 136 1.64 1.61 1.75 1.50 
OS 1.87 -0.56 107 1.81 -0.56 175 1.59 1.53 1.50 1.25 
Subject #12 OD -5.06 -0.47 149 -5.28 -0 .78 175 -5 .30 -5.67 1.75 1.50 
OS -5.25 -0.47 177 -5.28 -0.28 166 -5.48 -5.42 1.50 1.50 
Subject #13 OD -5.50 -0.62 169 -5.59 -0.91 180 -5.81 -6.05 0.75 1.25 
OS -6.12 -0.94 180 -6.34 -0.13 90 -6.59 -6.40 1.00 1.50 
Su~ect#14 00 -0.06 -0 .50 119 0.28 -0.59 115 -0.31 -0.02 1.00 1.00 
OS 0.22 -0.62 103 0.62 -1.00 93 -0.09 0.12 1.00 1.25 
Subject #15 OD 0.25 -0.40 166 0.31 -0.06 13 0.05 0.28 1.00 1.75 
OS 0.22 -0.22 115 0.37 -0.19 88 0.11 0.28 1.00 2.25 
Subject #16 00 -2.53 -0.13 44 -2.12 -0.78 22 -2.59 -2.51 0.75 1.25 
OS -2.84 -0.06 166 -2.72 -0.47 163 -2 .87 -2.95 0.75 1.00 
Subject #17 OD 1.69 -0.50 152 1.59 -0.44 160 1.44 1.37 0.50 1.50 
OS 3.56 -0.59 152 3.53 -0.50 143 3.27 3.28 0.75 1.00 
Subject #18 OD -2.56 -0.53 45 -3.18 -0.84 178 -2.83 -3.60 0.75 1.00 
OS -2.15 0.00 0 -1.87 -0.09 43 -2.15 -1.92 1.00 1.50 
Subject #19 00 -2.78 -0.40 133 -2.47 -0.44 106 -2.98 -2.68 1.00 1.25 
OS -3.06 -0.16 150 -2.81 -0.40 103 -3.14 -3.01 1.00 1.50 
Subject #20 00 -0.09 -1.06 18 -0.09 -1.37 26 -0.62 -0.78 1.75 1.75 
OS 0.12 -0.81 139 0.03 -1.03 153 -0.28 -0.48 1.50 1.50 
Subject #21 00 -7.06 -0.56 153 -7.00 -0.37 9 -7.34 -7.18 2.00 2.25 
OS -7.62 -0.53 161 -7.06 -0.47 171 -7.89 -7.29 1.75 2.00 
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